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BACKGROUND OF THE INVENTION 
[Field of the Invention] 

The present invention relates to a semiconductor 
device suitable for a ferroelectric memory and a 
manufacturing method thereof. 
[Description of the Related Art] 

Recently, with the purpose of improving 
integration, the shape having a practically vertical 
side surface is expected for a shape of a 
ferroelectric capacitor for example of the 0.18/zm 
generation. For this purpose, for example in a 
simultaneous etching at a high temperature using a 
hard mask, such a technique is beginning to be 
employed as etching simultaneously an upper electrode 
film, a ferroelectric film, and a lower electrode 
film. As a structure of the hard mask here, a 
lamination structure using a TEOS film and a TiN film 
is employed. 

However, when employing the high- temperature 
simultaneous etching in the current process, those 
scattered substances, which are generated in the 



course of etching the ferroelectric film, may be 
deposited on a sidewall of the capacitor after 
changing their properties. Due to such deposits as 
exist on the sidewall, a leakage current may 
sometimes be caused between the upper electrode and 
the lower electrode. Therefore, it is conventionally 
designed to remove these deposits in the etching 
process of the lower electrode. 

Meanwhile, the sidewall deposits have an effect 
of preventing the ferroelectric film from damages. 
Hence, when the sidewall deposits of the 

ferroelectric capacitor are completely removed in the 
manufacturing process of the conventional 
ferroelectric memory, the ferroelectric film locally 
suffers substantial heavy damages, making it 
impossible to obtain desired properties. Accordingly, 
in the conventional ferroelectric memory, it is 
impossible to prevent leakage current adequately. A 
prior art is disclosed for example in Japanese Patent 
Application Laid-Open No. 2003-092391. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide 
a semiconductor device provided with a ferroelectric 
capacitor of a structure capable of reducing leakage 
current adequately while preventing local damages to 
a ferroelectric film, and a manufacturing method of 
the same . 
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In regard to this mutually offsetting relation 

between the reductions in leakage current obtained by 

removing the deposits from the sidewall and in 

etching damages of the ferroelectric film, after 

diligent efforts to seek for solutions to the 

previously-mentioned problems, the present inventor 

has come to the following findings. 

Fig. 13 is a micr ophotogr aph taken via a scanning 

electron microscope (SEM) by the present inventor, 

showing a typical view after a simultaneous etching 

at a high temperature. As shown in Fig. 13, at the 

longer side of the capacitors, at which the distance 

between the capacitors are narrower, deposits tend to 

adhere to the sidewalls, while there is no damage on 

a capacitor insulating film (ferroelectric film). On 

the other hand, at the shorter side of the capacitors, 

at which the distance between the capacitors are 

wider, deposits do not tend to adhere to the 

sidewalls, while there are damages on the capacitor 

insulating film. 

Based on the above observational study, the 
present inventor has found that the adhering tendency 
of deposits to the sidewalls at the time of the high- 
temperature simultaneous etching depends not only on 
etching conditions but also on two factors in view of 
shape, namely the side length of the capacitor and 
the distance between the capacitors. From a 
different perspective, in the case of a layout of a 
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conventional capacitor, as shown in Fig. 10 to Fig. 
12,. the distances between adjacent capacitors are 
different between those in the longitudinal direction 
and those in the lateral direction. This causes a 
difference between the amount of deposits on the 
longer sidewall and that on the shorter sidewall, 
making it difficult to adjust the etching conditions 
so as to reduce the leakage current while preventing 
the damage s . 

The present inventor, therefore, performed 
calculations to obtain the relation between the 
deposits adhering tendency and the shape factors by 
quantifying the tendency with leakage current 
densities of the capacitor. The calculation results 
are shown in Table. 1 below, where a leakage current 
quotient L is defined as 

"(side length of capacitor) / (distance between 
capacitors ) " . 



Table 1 



capacitor side length (A) 
{ fim) 


0 . 8 


1 . 0 


1 . 5 


Distance between 
capacitors (B) ( n m) 


0 . 7 


0 . 5 


0 . 5 


Leakage current quotient 
L : (A)/(B) 


1 . 1 


2 . 0 


3 . 0 


6V leakage current density 
(A/cm 2 ) 


1 x 10" 1 


1x10° 


1 x io 2 
or 
above 
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As shown in Table 1, a relation between the 
leakage current . quotient L and the leakage current 
density of the capacitor is confirmed. The larger 
the former is, the higher the latter increases. 

Based on these findings, the present inventor has 
devised the present invention as will be described 
hereinbelow . 

According to a first aspect of the present 
invention, a semiconductor device includes a 
semiconductor substrate, a plurality of transistors 
formed on the surface of the semiconductor substrate, 
an interlayer insulating film for covering the 
transistors, and a plurality of ferroelectric 
capacitors formed over the interlayer insulating film. 
An electrode of each of the plurality of the 
ferroelectric capacitors is connected to one of a 
source or a drain of the transistor via a first 
contact plug. The plurality of ferroelectric 
capacitors are arranged in an array. Each of the 
plurality of ferroelectric capacitor has 
substantially a rectangular planar shape. The ratio 
between the length of a long side of the rectangular 
shape and the distance between the long sides of two 
ferroelectric capacitors adjacent to each other 
substantially coincides with the ratio between the 
length of a short side of the rectangular shape and 
the distance between the short sides of two 
ferroelectric capacitors adjacent to each other. 
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According to a second aspect of the present 
invention, a semiconductor device includes a 
semiconductor substrate, a plurality of transistors 
formed over a surface of the semiconductor substrate, 
an interlayer insulating film for covering the 
transistors, a plurality of ferroelectric capacitors 
formed over the interlayer insulating film, and a 
plurality of bit lines formed over the interlayer 
insulating film. An electrode of each of the 
plurality of ferroelectric capacitors is connected to 
one of a source or a drain of the transistor via a 
first contact plug. Each of the plurality of bit 
lines is connected to the other one of the source or 
the drain of the transistor via a second contact plug 
The plurality of ferroelectric capacitors are 
arranged in an array. The first contact plug is 
located at substantial central point of a minimal 
rectangular shape (including a square shape) made by 
four ferroelectric capacitors out of the plurality of 
ferroelectric capacitors. 

According to a third aspect of the present 
invention, a semiconductor device includes a 
semiconductor substrate, a plurality of transistors 
formed on a surface of the semiconductor substrate, 
an interlayer insulating film for covering the 
transistors, a plurality of ferroelectric capacitors 
formed over the interlayer insulating film, and a 
plurality of bit lines formed over the interlayer 
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insulating film. An electrode of each of the 
plurality of ferroelectric capacitors is connected to 
one of a source or a drain of the transistor via a 
first contact plug. Each of the plurality of bit 
lines is connected to the other one of the source or 
the drain of the transistor via a second contact plug 
The plurality of ferroelectric capacitors are 
arranged in an array. Each of the ferroelectric 
capacitors has substantially a rectangular planar 
shape. The second contact plug is located between 
respective long sides of two adjacent ferroelectric 
capacitors out of the plurality of ferroelectric 
capacitors . 

According to a fourth aspect of the present 
invention, a. semiconductor device includes a 
semiconductor substrate, a plurality of transistors 
formed on a surface of the semiconductor substrate, 
an interlayer insulating film for covering the 
transistors, and a plurality of ferroelectric 
capacitors formed over the interlayer insulating film 
An electrode of each of the plurality of 
ferroelectric capacitors is connected to one of a 
source or a drain of the transistor via a first 
contact plug. Each of the ferroelectric capacitors 
has substantially a circular planar shape. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a circuit diagram showing a 
configuration of a memory cell array of a 
ferroelectric memory (semiconductor device) according 
to embodiments of the present invention; 

Fig. 2 is a layout illustrating a configuration 
of a semiconductor device (ferroelectric memory) 
according to a first embodiment of the present 
invention ; 

Fig. 3 is a sectional view taken along the I-I 
line in Fig. 2 ; 

Fig. 4A is a sectional view taken along the II-n 
line in Fig. 2, and Fig. 4B is a sectional view taken 
along the III-IH line in Fig. 2 ; 

Fig. 5 is a sectional view taken along the IV-IV 
line in Fig. 2; 

Fig. 6 is a layout illustrating a configuration 
of a semiconductor device (ferroelectric memory) 
according to a second embodiment of the present 
invention; 

Fig. 7 is a sectional view taken along the I-I 
line in Fig. 6; 

Fig. 8 is a layout illustrating a configuration 
of a semiconductor device (ferroelectric memory) 
according to a third embodiment of the present 
invention; 

Fig. 9 is a layout illustrating a configuration 
of a semiconductor device (ferroelectric memory) 
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according to a fourth embodiment of the present 
invention; 

Fig. 10 is a layout illustrating a configuration 
of a semiconductor device (ferroelectric memory) of 
the prior art; 

Fig. 11 is a sectional view taken along the I-i 
line in Fig. 10; 

Fig. 12 is a sectional view taken along the Il-n 
line in Fig. 10; and 

Fig. 13 is a microphot ograph showing the 
ferroelectric capacitor after a high-temperature 
simultaneous etching. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, some embodiments of the present 
invention will specifically be described with 
reference to the accompanying drawings. Fig. 1 is a 
circuit diagram showing a configuration of a memory 
cell array of a ferroelectric memory (semiconductor 
device) according to the embodiments of the present 
invention . 

In the memory cell array, there are provided a 
Plurality of bit lines 103 extending in one direction, 
a plurality of word lines 104 and plate lines 105 
extending in the direction orthogonal to the 
extending direction of the bit lines 103. 
Additionally, a plurality of memory cells of the 
ferroelectric memory according to the present 
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embodiments are arranged in an array in a manner so 
as to align with grids formed by the bit lines 103, 
word lines 104, and plate lines 105. m each memory 
cell, there are provided a ferroelectric capacitor 
101 and a MOS transistor 102. 

A gate of the MOS transistor 102 is connected to 
the word line 104. One of a source or a drain of the 
MOS transistor 102 is connected to the bit line 103. 
The other source or drain is connected to one 
electrode of the ferroelectric capacitor 101. The 
other electrode of the ferroelectric capacitor 101 is 
connected to the plate line 105. Incidentally, each 
of word lines 104 and plate lines 105 is shared by 
the plurality of MOS transistor 102 aligned in the 
same directions as of the word line 104 and the plate 
line 105 respectively. Similarly, each bit line 103 
is shared by the plurality of MOS transistor 102 
aligned in the same direction as of the bit line 103. 
The direction in which the word line 104 and the 
Plate line 105, and the bit line 103 extend may be 
referred to as a longitudinal direction and a lateral 
direction respectively. 

In the memory cell array of the ferroelectric 
memory configured as described before, data are 
stored in accordance with the polarization state of a 
ferroelectric film provided in the ferroelectric 
capacitor 101. 

-First Embodiment- 
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Hereinbelow, a first embodiment of the present 
invention will be described. Fig. 2 is a layout 
illustrating a configuration of a semiconductor 
device ( ferroelectric memory ) according to the first 
embodiment of the present invention. Fig. 3 is a 
sectional view taken along the I-I line in Fig. 2. 
Fig. 4A is a sectional view taken along the II-II 
line in Fig. 2. Fig. 4B is a sectional view taken 
along the III-III line in Fig. 2. Fig. 5 is a 
sectional view taken along the IV-IV line in Fig. 2. 

In the present embodiment, as shown in Fig. 2 to 
Fig. 5, element isolation insulating films 2 for 
isolating a plurality of element regions 21 extending 
in one direction are formed for example by STI 
(Shallow Trench Isolation) method on the surface of a 
semiconductor substrate 1 such as a silicon substrate 
or the like. In addition, gate electrodes 4 (word 
lines) inclining at an angle of 45 degrees to the 
extending direction of the element regions 21 are 
formed via gate insulating films 3 on the 
semiconductor substrate 1. Each element region 21 is 
divided into three portions by the two gate 
electrodes 4. Further, on the surface of the 
semiconductor substrate 1 within the element region 
21, impurity diffused layers 6, 7 are formed in a 
self-aligned manner with the gate electrodes 4. The 
impurity diffused layer 7 is formed in a central 
portion of the element region 21 divided into three 
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portions by the two gate electrodes 4, and the 
impurity diffused layers 6 are formed in both end 
portions of the element region 21. Furthermore, on 
the sides of each gate electrode 4, sidewalls 5 are 
formed. In the manner as described above, a MOS 
transistor is configured. This MOS transistor 
corresponds to the MOS transistor 102 in Fig. 1. 

On the surface of the semiconductor substrate 1, 
there is formed an interlayer insulating film 8 so as 
to cover the MOS transistors. In the interlayer 
insulating film 8, there are formed contact holes 31 
reaching through to the impurity diffused layers 6 
and contact holes 32 reaching through to the impurity 
diffused layers 7. In each contact hole 31, a W plug 
9 is embedded via a barrier metal film, and in each 
contact hole 32, a W plug 10 is embedded via the 
barrier metal film. 

On the interlayer insulating film 8, there are 
formed bit lines 11 extending orthogonal to the gate 
electrodes 4, each bit line 11 being connected to the 
W plug 10. Further on the interlayer insulating film 
8, there are formed ferroelectric capacitors 15 each 
composed of a lower electrode 12, a capacitor 
insulating film 13, and an upper electrode 14. The 
lower electrode 12 is connected to the W plug 9. The 
capacitor insulating film 13 is the ferroelectric 
film made of PZT ( Pb (Zr, Ti) 0 3 ) or the like. The 
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ferroelectric capacitor 15 corresponds to the 
ferroelectric capacitor 101 in Fig. 1. 

Here, each ferroelectric capacitor 15 has 
substantially a square planar shape. The distances 
between those ferroelectric capacitors 15 adjacent to 
each other in the extending direction of the gate 
electrodes 4 coincide substantially with the 
distances between those ferroelectric capacitors 15 
adjacent to each other in the extending direction of 
the bit lines 11. 

On the interlayer . insulating film 8, there is 
formed an interlayer insulating film 16 for covering 
the bit lines 11 and the ferroelectric capacitors 15. 
In the interlayer insulating film 16, there are 
formed contact holes 33 reaching through to the upper 
electrodes 14. In each contact hole 33, a W plug 17 
is embedded via a barrier metal film (unshown) . On 
the interlayer insulating film 16, there are formed 
plate lines 18 extending parallel to the gate 
electrodes 4, each plate line 18 being connected to 
the W plug 17. 

Over those, unshown upper wirings and so forth 
are formed to thereby configure the ferroelectric 
memory . 

In the ferroelectric memory according to the 
first embodiment configured as described above, the W 
plugs 10, which connect the impurity diffused layers 
7 and the bit lines 11, are formed not between the 
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adjacent ferroelectric capacitors 15 in the extending 
direction of the plate lines 18 irregularly but 
between the adjacent plate lines 18. Therefore, the 
distances between those ferroelectric capacitors 15 
adjacent to each other in the extending direction of 
the plate lines 18 can be narrowed as compared to the 
prior one. Also, the distances between those 
ferroelectric capacitors 15 adjacent to each other in 
the extending direction of the bit lines 11 can be 
widened as compared to the prior one. In other words, 
it is allowed to substantially equalize the distances 
between the ferroelectric capacitors 15 extending in 
the above both directions. Further, in the present 
embodiment, each ferroelectric capacitor 15 has 
substantially a square planar shape while essentially 
equalizing the distances between thereof, so that the 
leakage current quotients L shown in Table 1 are 
essentially equalized for each side. On this account, 
in the manufacturing process thereof, the possible 
sidewall deposits adhering to the ferroelectric 
capacitor 15 are essentially equalized in amount for 
each side. As a result, the amount of the sidewall 
deposits can be controlled as like as the damages of 
ferroelectric film such as the PZT film or the like 
composing the capacitor insulating film 13 can be 
controlled while reducing the leakage current, by 
adjusting the etching conditions. 
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Incidentally, the ferroelectric capacitor 15 
preferably has a square planar shape, but not 
necessarily to do. Also, the distances between 
ferroelectric capacitors 15 are preferably equalized, 
but not necessarily to be. However, in any case, it 
is preferable that the leakage current quotients L 
[(side length of capacitor) / (distance between 
capacitors) ] are substantially equalized. Preferably, 
for example, when the ferroelectric capacitor 15 has 
a rectangular planar shape, the distances between the 
short sides of the adjacent ferroelectric capacitors 
15 are made smaller than those of the long sides of 
the adjacent ferroelectric capacitors 15, so that the 
leakage current quotients L are substantially 
equalized . 

-Second Embodiment - 

Subsequently, a second embodiment of the present 
invention will be described. Fig. 6 is a layout 
illustrating a configuration of a semiconductor 
device (ferroelectric memory) according to the second 
embodiment of the present invention. Fig. 7 is a 
sectional view taken along the I-I line in Fig. 6. 

In the present embodiment, differently from the 
first embodiment, an element region 21 has a dogleg 
planar shape and the extending direction of a gate 
electrode 4 (word line) is parallel to a bit line 11 
and orthogonal to a plate line 18. Two impurity 
diffused layers 6 provided in the same element region 
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21 are connected to lower electrodes 12 of 
ferroelectric capacitors 15 of which upper electrodes 
14 are connected to the same plate line 18. 

Also, in this second embodiment configured as 
described above, the same effects as of the first 
embodiment can be obtained. 

-Third Embodiment - 

Subsequently, a third embodiment of the present 
invention will be described. Fig. 8 is a layout 
illustrating a configuration of a semiconductor 
device (ferroelectric memory) according to the third 
embodiment of the present invention. In the present 
embodiment, a ferroelectric capacitor 15 has a 
circular planar shape in comparison with that of the 
prior layout shown in Fig. 10 to Fig. 12. 

In the third embodiment as described above, in 
the manufacturing process thereof, deposits generally 
become difficult to adhere to the sidewall 5 of the 
ferroelectric capacitor 15 at the time of the high- 
temperature simultaneous etching, enabling to reduce 
leakage current. Whereas, the sidewall deposits have 
an advantage of preventing a capacitor insulating 
film 13 from damages as mentioned before. Preferably, 
therefore, in the high-temperature simultaneous 
etching, etching conditions are adjusted so that the 
damages of the capacitor insulating film 13 are 
prevented. At the time of the high- temperature 
simultaneous etching, in the present embodiment, the 
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etching progresses equally all over the peripheries 
of the ferroelectric capacitor 15, whereby causing no 
large local damage. 

-Forth Embodiment - 

Subsequently, a fourth embodiment of the present 
invention will be described. Fig. 9 is a layout 
illustrating a configuration of a semiconductor 
device (ferroelectric memory) according to the fourth 
embodiment of the present invention. In the present 
embodiment, a ferroelectric capacitor 15 has a 
rectangular planar shape with the same yet mutually 
replaced long sides and short sides as of the prior 
art shown in Fig. 10 to Fig. 12. Specifically, the 
long sides of the ferroelectric capacitor 15 extend 
alongside a bit line 11, and the short sides of the 
ferroelectric capacitor 15 extend alongside a plate 
line 18, and there are placed the W plugs 10, which 
connect the impurity diffused layers 7 and the bit 
lines 11, between the long sides of the two 
ferroelectric capacitors 15. Moreover, the distances 
between the long sides are larger than those between 
the short sides. Consequently, the ferroelectric 
capacitors 15 are arranged so that the leakage 
current quotients L are essentially equalized over 
the long sides and the short sides. 

In the fourth embodiment configured as described 
above, it is also possible to reduce the leakage 
current while preventing damages of a ferroelectric 
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film simply by adjusting the etching conditions in 
that the sidewall deposits are equalized essentially 
over the long sides and the short sides. 

Note that in order to manufacture the 
ferroelectric memory according to the above-described 
embodiments, in view of process flow such as film 
forming and the like, no specific change is required 
for example in the process of manufacturing the 
ferroelectric memory of the prior art shown in Fig. 
10 to Fig. 12. What has to be done is only to 
pattern and so forth in conformity with the layout 
shown in Fig . 2 and the like . 

According to the present invention, the amounts 
of the sidewall deposits adhering to the sidewalls of 
the ferroelectric capacitors are essentially 
equalized all over the peripheries thereof, whereby 
allowing to avoid such a phenomenon that the leakage 
current increases at one place while causing a larger 
damage at the other place. Consequently, the 
reduction of the leakage current can be realized with 
ease together with the prevention of the local 
damages by simply adjusting the etching conditions. 

The present embodiments are to be considered in 
all respects as illustrative and no restrictive, and 
all changes which come within the meaning and range 
of equivalency of the claims are therefore intended 
to be embraced therein. The invention may be 
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embodied in other specific forms without departing 
from the spirit or essential characteristics thereof 
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